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The collaborative maps of OpenStreetMap (OSM) have become a major source of
geospatial baseline data for humanitarian organisations, companies and public authorities.
Describing the elements of spatial data quality (e.g. positional accuracy, completeness,
temporal quality) for the OSM dataset is a key prerequisite to provide the potential
stakeholders with the necessary information to decide on the fitness for use of a data set for
their particular application [1]. Better spatial data quality assessment would promote the
adoption and (right) usage of new sources of data such as OSM and data products based on
OSM. A large community of researchers has analyzed the quality of OSM data in comparison
to authoritative reference data sets, by means of remote sensing and using intrinsic
measures [2-4]. It has been acknowledged that the OSM data in general is strongly biased,
in part due to a much larger contributor basis in countries in the Global North as a
consequence of socio-economic inequalities and the digital divide [5,6].

Albeit the manifold usage of OSM building footprints, an adequate investigation into
their completeness on the global scale has not been conducted so far. This talk investigates
OSM building completeness in regions home to a population of 3.5 billion people (about 50%
of the global population). First, we propose a machine learning regression method based on
Random Forests (RF) to assess OSM building completeness within all 13,189 urban centers
(as defined by the European Commission [7]). The analysis utilizes an extensive collection of
open building data from commercial and authoritative sources as training data and builds
upon very recent technological advances to utilize OSM full-history data for spatio-temporal
data analysis on the global scale [8]. The model further relies on information obtained from
remote sensing data (land cover, population distribution, night time lights), subnational
human development, and urban road network density as predictors. This allows us — for the
first time — to present a comprehensive assessment of the evolution of urban OSM building
completeness which encompasses all data contributed to OSM since 2008.
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For each urban center we calculated the OSM building completeness using the area
ratio method which has been applied by several other researchers in the context of urban
areas [9-11]. Several measures have been adopted to describe the temporal evolution of
inequality in urban OSM building mapping on the global scale and per World Bank region. We
report on the average monthly OSM building completeness for urban centers globally and
distinguished this score further by World Bank region and SHDI. These analyses has been
conducted for annual snapshots from 2008-01-01 up until 2022-01-01.

We investigated the impact of humanitarian mapping through the HOT Tasking
Manager and corporate mapping by Apple, Meta, MapBox, Microsoft and Kaart on overall
completeness and inequality measures. OSM contributions have been considered as
humanitarian mapping activities following the approach developed by Herfort et al. which
utilizes information obtained from a HOT Tasking Manager database dump [12]. Corporate
mapping activities were identified by OSM user ID, expanding on the approach presented in
[13] by using a mapper’s self-disclosed corporate affiliation in their OSM user bio instead of
relying on out-of-date lists on the OSM wiki [14]. Based on this information, we derived the
share of humanitarian map edits and corporate map edits on the overall OSM building data.

Overall, average urban OSM building completeness is estimated at 21% globally.
Relatively high completeness was estimated for Europe & Central Asia (67%) as well as for
North America (56%). Completeness values lower than the global average were observed for
the regions Latin America & Caribbean (17%), East Asia & Pacific (16%), Middle East & North
Africa (11%), and South Asia (7%). The completeness value for East Asia & Pacific was
strongly influenced by the fact that urban centers in China were hardly mapped, very likely
because mapping in OSM is prohibited by law. Sub-Saharan Africa completeness (29%) was
slightly higher than the global mean. These regional differences illustrate that the global
average is of limited explanatory power.

Distinguishing urban centers by SHDI also revealed dramatic differences in the
temporal trajectories of completeness. In general, urban centers in regions with very high
SHDI had the highest levels of mapped building completeness. Surprisingly, however, there
was no positive correlation between SHDI and completeness. The completeness in low SHDI
urban centers was higher than the completeness of urban centers with high SHDI. Our
results suggest that this was due to the positive impact of organized humanitarian mapping
activities since 2015, especially on urban centers located in low and medium SHDI regions.

We found that organized humanitarian mapping activities in urban centers
contributed an average of about 8% of the building footprints globally. However,
humanitarian contributions were focused on specific regions, especially in Africa where
about 43% of all building edits in Sub-Saharan Africa were related to organized humanitarian
mapping activities. Overall, organized humanitarian mapping activities were expectedly
associated with lower subnational human development index values, in line with previous
findings [12]. We generally found corporate mapping activity to constitute less than 2% of all
building edits globally (and only about 0.1% in urban centers), a significant difference in
participation from corporate mappers editing nearly 20% of the global road network as
previously found [13].

The results reveal that for 1,510 cities home to a population of more than 400 Million
people, OSM building footprint data is more than 80% complete and can provide an
alternative to otherwise complex approaches utilized to derive authoritative and/or
automated building datasets. The digital divide in OSM has receded over the past decade,
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but still exists. As such, OSM data completeness improved, but was still strongly biased by
regional, socio-economic and demographic factors on several scales. This echoes the highly
uneven geographies of participation observed in Wikipedia [15] and stands in contrast to the
relatively higher and more evenly distributed completeness for OSM'’s road network [16]. If
this trend continues, OSM will become more complete, but will still not evolve towards a truly
global inclusive map. As a consequence, global studies and global frameworks (such as
SDGs) which use OSM data will draw wrong conclusions and will provide misleading
recommendations for decision makers when the biases in OSM’s coverage are not
accounted for.

The results reveal the need to address the remaining stark data inequalities, which
could not be turned around so far by humanitarian and corporate organized mapping
activities. We conclude with recommendations directed at stakeholders working with OSM
data: (1) Multi-scale building completeness measures should be applied before subsequent
usage of OSM data to outline the potential negative effect of missing data. (2)
Completeness maps should be used in combination with socio-demographic information to
guide future mapping activities to ensure that "nobody is left behind" as encouraged by the
SDGs.

All Python code and Jupyter notebooks necessary to calculate the geospatial
statistics, create maps and derive figures are available in this GitHub repository:
https://qithub.com/GIScience/global-urban-building-completeness-analysis.
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